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ABSTRACT . The paper provides a limited overview of existing pressure sensors based on composite technol-
ogy from carbonized biomass and synthetic materials which could be implemented in seating furniture. Carbon-
based pressure sensors have proven to be good for pressure measurement that works on the principle of the
piezoresistive effect. Research on materials based on carbonized components of biological origin encourages the
development of composite sensors made of different materials, which have different negative and positive proper-
ties. Despite the great potential, such sensors are still not sufficiently researched and there is a lot of space for
their improvement. Today s rapid development of technologies and frequent work at the computer leads to exces-
sive sitting while working, which is a big problem for human health. Chairs with sensors could be increasingly
used in the future, and in combination with the Internet of Things could be used to monitor the sitting habits and
health of users. Sensors implemented in seating furniture are one way of monitoring sitting habits, warning users
of inappropriate body positions when sitting, and mitigating the negative consequences of long-term improper
sitting. The paper analyses research that includes the production and application of sensors made of carbonized
bio-materials, which could be used in seating furniture with the aim of monitoring the way of sitting based on the
principle of pressure detection. So far, the results have not provided the requested answers. However, they provided
an overview of technologies that, with additional research, likely have the potential to be incorporated into seating
Sfurniture.
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SAZETAK « Rad donosi ogranicen pregled postojecih senzora tlaka utemeljenih na tehnologiji kompozita od kar-
bonizirane biomase i sintetskih materijala koji bi se mogli implementirati u namjestaj za sjedenje. Senzori tlaka na
bazi ugljika pokazali su se dobrima za mjerenje tlaka na nacelu piezootpornickog ucinka. IstraZivanja materijala
na bazi karboniziranih komponenata bioloskog podrijetla poticu razvoj kompozitnih senzora od razlicitih materi-
Jala koji imaju negativna i pozitivna svojstva. Unatoc velikom potencijalu, takvi senzori jos nisu dovoljno istrazeni
te postoji mnogo prostora za njihovo unaprjedenje. Danasnji brzi razvoj tehnologija i dugotrajan rad za racuna-
lom rezultiraju prekomjernim sjedenjem pri radu, sto je velik problem za covjekovo zdravlje. Stolice sa senzorima
u buducnosti bi mogle naci sve vec¢u primjenu, a u kombinaciji s mreznom strukturom Internet stvari mogle bi se
iskoristiti za pracenje navika sjedenja i zdravlja korisnika. Senzori implementirani u namjestaj za sjedenje jedan
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su od nacina pracenja navika sjedenja, upozoravanja korisnika na neodgovarajuce polozaje tijela pri sjedenju i

za ublazavanje negativnih posljedica dugotrajnoga nepravilnog sjedenja. U radu su analizirana istrazivanja koja

obuhvacaju izradu i primjenu senzora od karboniziranih biomaterijala koji bi mogli naci primjenu u namjestaju

za sjedenje radi pracenja nacina sjedenja na nacelu detektiranja tlakova. Rezultati zasad nisu dali trazene odgo-

vore. Medutim, dali su pregled tehnologija koje uz dodatna istraZivanja vjerojatno imaju potencijala za primjenu

u namjesStaju za sjedenje.

KLJUCNE RIJECI: karbonizirani biomaterijali, biosenzori, namjestaj za sjedenje, pametno sjedenje, zdravlje

1 INTRODUCTION
1. UVOD

It is a time of exponential development of tech-
nology and frequent work on the computer, where ex-
cessive sitting is a big problem for human health (Oven
et al., 2010). Chairs with sensors will be in increasing
use, which, in combination with the Internet of Things,
can be put to good use in monitoring the habits and
health of users, and thus in the prevention of potential
diseases.

Piezoresistive pressure sensors have attracted
great interest from scientists in today’s time of expo-
nential technological development (Tai et al., 2022).
Their potential application is present in the develop-
ment of the latest technologies such as wearable elec-
tronics or intelligent systems like robotic sensors, elec-
tronic skin, systems for monitoring movement or
monitoring physiological information of the human
organism (Lei ef al, 2022; Zhang et al., 2019). Car-
bon-based composite pressure sensors have proven to
be an excellent means of pressure measurement that
functions on the principle of piezoresistive effect
(Huang et al.,, 2017).

The piezoresistive effect represents a change in
the electrical resistance of a material (e.g. semiconduc-
tor or metal) under mechanical stress. The change in
resistance occurs due to a change in the geometry
(crystal lattice) and electrical conductivity of the mate-
rial. It is significantly higher in semiconductors than in
metals. Piezoresistive sensors based on silicon semi-
conductors are commonly used. In such an example,
four Si-resistors are pressed into the semiconductor
membrane and connected in a Wheatstone bridge. Un-
der the influence of pressure, the diaphragm deforms,
thereby changing the electrical resistance of the four
resistors. The change in resistance is proportional to
the applied pressure. This means that the voltage dif-
ference across the Wheatstone bridge is proportional to
the applied pressure (Bolf, 2019; Tran et al., 2018).

Various materials based on carbonized compo-
nents of biological origin have been researched by many
authors, and composite sensors made of different mate-
rials have been developed based on their findings. Each
of them shows different negative and positive proper-
ties. Despite the great potential, such sensors are still not
sufficiently researched and there is a lot of space for
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their improvement. Therefore, scientists devoted them-
selves to finding a suitable material that would adequate-
ly replace expensive and non-renewable materials (Bar-
toli et al., 2022; Liu et al., 2018; Mishra et al., 2021).
Given that the search for an ideal material emphasizes
naturally renewable, ecological and cheap materials,
carbon-rich carbonized biomass was found at the center
of the research. In order to produce a high-quality sensor
of this type, it is necessary to design a composite mate-
rial that will be extremely sensitive, long-lasting and
stable in different conditions. The functioning of this
type of sensor can be influenced by numerous material
factors such as electrical conductivity, mechanical prop-
erties, stability in different conditions and the range of
pressure sensitivity.

When talking about the use of these sensors in fur-
niture, negative properties can be weak flexibility, insuf-
ficient sensitivity at relatively low pressures, permanent
deformation and low repeatability. Positive properties
would be the design of the sensor for working at lower
pressures, suitable for those that occur when sitting, then
great durability and linear characteristics.

Wood is the most available renewable resource
and offers a sustainable solution for making light-
weight carbonized materials (Chen, Z. et al., 2020). In
modern technology, pressure sensors must often have
high sensitivity and a wide linear range. However,
there are few who can meet both criteria. The active
material of the sensor would have to have a rough sur-
face so that the electrode can respond sensitively to
pressure changes. In addition, such a material would
have to withstand a high degree of deformation, i.e.
maintain good sensitivity in a large pressure range
(Huang et al., 2018). Natural wood has a unique 3D
microstructure that implies a hierarchy of intercon-
nected channels along its growth direction. Lignin is
the most abundant aromatic substance on Earth, and at
the same time it is cheap, renewable, environmentally
friendly, and available. Carbonized lignin as a conduc-
tive component is a suitable material for making a flex-
ible composite with polydimethylsiloxane (PDMS) as
a polymer matrix (Wang et al., 2018). Similar to the
occurrence of lignin, cellulose is the most common re-
newable biopolymer (also sustainable, biocompatible,
and biodegradable) on Earth, which is mainly obtained
from cotton and lignocellulosic biomass (most often
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wood or grass). For example, sensors based on cellu-
lose paper are increasingly used in “green” electronics
due to their wide distribution, low cost, light weight,
and excellent flexibility and sustainability (Chen ef al.,
2018). Lignin and cellulose are suitable components
for creating aerogel — a porous material of low density
(contains more than 90 % air), which can have excel-
lent mechanical properties, high compressibility, resis-
tance to material fatigue and excellent sensitivity in a
wide range of working pressure. Chen et al. (2020) in-
vestigated an aerogel based on flexible cellulose nano-
fibers (CNF) connected in a 3D network. In the net-
work created in this way, alkali-lignin (obtained by the
alkaline process of cooking cellulose) with its high
thermal stability reduces thermal deformation, thus
creating a very stable structure.

Light and elastic carbon materials, thanks to their
outstanding properties, represent one of the most im-
portant candidates for the development of high-perfor-
mance flexible sensors. In the last few years, a number
of carbon materials with low density and high porosity
have been synthesized from nanocarbon, such as gra-
phene, graphene oxide, carbon nanotubes (CNT) or
their composites. The carbon materials obtained in this
way show good mechanical properties, which implies
elasticity, and in addition, they have exceptional elec-
trical properties and as such are suitable for making
sensors in the increasingly common so-called wearable
technology. However, they are non-renewable, and the
process of their production is expensive and complex
(Chen et al., 2020). Often, when making flexible pres-
sure sensors, materials such as polyurethane (PU)
foams and melamine-formaldehyde (MF) foams are
used; however, they are also not environmentally
friendly due to the way they are manufactured (Li et
al., 2021).

On the other hand, biochar can be a good solution
for the conductive sensor component due to its ease of
production, low cost, and positive attitude towards the
environment. However, not every biochar has electri-
cal conductivity, and it depends on many factors. Some
of these factors are the mass fraction and density of the
powdered carbonized material in the composite, or the
pyrolysis temperature in the carbonization process of
biomaterials. Marrot et al. (2022) obtained results in
which the conductivity test showed that pyrolysis at
higher temperatures results in higher conductivity of
biochar particles at the desired pressure or density of
the compacted biochar particles. Understudied electri-
cal conductivity of biochar in composite materials may
be a potential for innovation in this area. In addition,
polyvinyl alcohol has numerous advantages such as
easy processing, high durability, low price, non-toxici-
ty, and favorable insulating properties (Nan and DeVal-
lance, 2017). Noori ef al. (2020) state that the produc-

tion of tea is one of the largest productions of
beverages in the world. By preparing tea in the extrac-
tion process, only a small number of compounds are
removed, and a large amount of usable residue remains,
which can be used for the purpose of making biochar.
Global rice production is increasing to keep pace with
the growing global population as well. Rice husk is a
by-product in the production of rice, which is obtained
by peeling the grain. According to Haffiz et al. (2017),
rice husk is a cheap and sustainable solution for mak-
ing a conductive pressure sensor component. Such a
conductive component in combination with PDMS
forms the active part of the sensor. In recent years,
pressure sensors made of carbonized fabric have ap-
peared; they are characterized by excellent flexibility
and pressure reading, as well as ease of preparation and
low cost. Given that fabrics in the sensor function are
still insufficiently researched, Chang et al. (2020) in-
vestigated a flexible sensor based on carbonized cotton
fabric and thermoplastic polyurethane (TPU).

The aim of this paper is to present different types
of existing pressure sensors made of carbonized com-
ponents obtained from biomass, with an emphasis on
sensors that have the potential to be installed in seating
furniture with the purpose of monitoring the way of
sitting based on the principle of pressure detection.

2 MATERIALS AND METHODS
2. MATERIJALI | METODE

Data for this research was collected from data-
bases of scientific articles with open access from sev-
eral fields of science (technical and biotechnical, bio-
medical and health, and natural sciences).

The keywords for the database search were: “bio-
char pressure sensor” and ‘“carbonized pressure sen-
sor”. Databases (such as IEEE Xplore, ACS Publica-
tions, ScienceDirect, SpringerLink) were searched
during June and July 2022, and included papers pub-
lished in the last five years (2017-2022). Papers that
included sensors made of carbonized organic materials
were selected. Papers related to strain sensors were ex-
cluded from the overview, as well as papers with pres-
sure sensors in which the combination of conductive
component material and resin matrix material (carrier)
was repeated.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

The analysis of pressure sensors based on a car-
bonized component of organic origin found that there
are different types of sensors, but they all have a com-
mon feature of working on the principle of piezoresis-
tive effect. Most of them were developed for the pur-
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pose of use in wearable devices, i.e. robotic skin or
devices for monitoring biosignals in humans.

The manufacturing method and methods of re-
searching their properties can be found in the original
articles of the cited authors, while here is a presentation
of basic details and results that can be interesting
guidelines for future research and application in seat-
ing furniture.

3.1 Biochar sensor of wood origin and
polyvinyl alcohol

3.1. Senzor od biougljena drvnog podrijetla i
polivinil alkohola

Polymer composites based on electroconductive
carbon are considered acceptable materials for pres-
sure and strain sensors based on the piezoresistive prin-
ciple of operation. Nan and DeVallance (2017) investi-
gated the responses of a pressure sensor as a composite
material obtained from a mixture of hardwood biochar
and polyvinyl alcohol (PVA). The produced composite
PVA/biochar sensors showed piezoresistive properties
under pressure. It was observed that, as the biochar
content changed within sensor, the electrical response
also changed proportionally, i.e. by increasing the pro-
portion of biochar from 8 wt% to 12 wt%, the output
voltage increased, as the sensor was subjected to in-
creasing pressure. However, in such situations, one
should be careful, because a further increase in the pro-
portion of the substance does not necessarily lead to an
improvement in the properties of the sensor, but on the
contrary, it may reach a threshold when the sensor be-
comes unusable. Furthermore, with increasing pres-
sure, the resistance of the PVA/biochar composite sen-
sor gradually decreased. The effect of composite
thickness was found to be important, but also complex,
as many factors, such as biochar particle size, their
amount and spatial distribution, and the electrical and
mechanical properties of the PVA/biochar films likely
influenced the results. In addition, temperature can af-
fect the electrical response and piezoresistive effect of
the PVA/biochar sensor. However, the research results
showed that in the temperature range from 25 to 70 °C
the sensors were relatively stable. The research showed
that there is a basis for further research on the influence
of particle size and conductivity properties of biochar,
because the electrical response and piezoresistive be-
havior of polymer materials filled with biochar and car-
bonized wood material are repeatable and stable.

3.2 Biochar sensor made of tea origin and
polypropylene
3.2. Senzor od biougljena ¢ajnog podrijetla i

polipropilena

Noori et al. (2020) investigated a composite ma-
terial based on biochar obtained from exhausted tea
leaves and polypropylene. The developed biochar sam-
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Figure 1 Electrical conductivity as a function of pressure on
fillers and biochar with a loading of 40 wt%, carbon black
and tea biochar (Noori ef al., 2020)

Slika 1. Elektri¢na vodljivost kao funkcija pritiska na punila
i biougljen s udjelom od 40 wt%, na ¢adu i biougljen ¢aja
(Noori et al., 2020.)

ples proved to be poorly conductive up to low tempera-
tures. A produced powder was dispersed in a polypro-
pylene matrix up to a load of 40 wt%, and a noteworthy
conductivity was obtained (Figure 1). However, at
such a high level of biochar content, after the initial
increase in conductivity, applied pressures above a cer-
tain point no longer result in different electrical out-
puts, which is why the sensors can only be useful for
detecting the presence of pressure, but not their values.
The properties of the produced materials were
determined in detail by testing mechanical, thermal,
morphological, and electrical characteristics in relation
to temperature. The material showed a general im-
provement in mechanical and thermal properties when
the amount of filler was varied instead of the type of
filler, as similar concentrations of carbon black and
biochar caused similar effects. Electrical conductivity
was also studied for a large range of pressures, when
the sensor underwent plastic deformation. An increase
in conductivity by a whole order of magnitude was ob-
served in the case of biochar loading of 40 wt%. This
phenomenon occurs together with plastic deformation,
effectively acting as an irreversible overpressure detec-
tor. The researched technology could find application
in various areas where it would serve as a sensor to
detect irregularities due to, for example, impact.

3.3 Biocarbon sensor from cellulose fibers
3.3. Biouglji¢ni senzor od celuloznih viakana

According to Li et al. (2021), it is a major chal-
lenge to fabricate compressible aerogels for flexible
pressure sensors from cellulose-based materials in an
environmentally and cost-effective manner. Carbon-
ized cellulose fiber network (CCFN) and polydopa-
mine (PDA) are materials for a flexible pressure sensor
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Figure 2 Relative change in electrical current [(I-[ )/ ] as a
function of pressure ranging from 0 to 50 kPa in PDA/
CCFN-based pressure sensor (Reprinted (adapted) with
permission from Li et al. Copyright 2021 American
Chemical Society)

Slika 2. Relativna promjena elektri¢ne struje [(I-I))/1,] kao
funkcija tlaka u rasponu od 0 do 50 kPa u PDA/CCFN
senzoru tlaka (preuzeto s dozvolom iz Li et al., Copyright
2021 American Chemical Society)

obtained in a low-cost, scalable, and environmentally
friendly process. This process gives the prepared pres-
sure sensor high compressibility and excellent me-
chanical durability.

The pressure sensor based on PDA/CCFN has a
high sensitivity of 8 kPa™ and 40 kPa™' at pressure
ranges of 0—10 kPa and 10—50 kPa, respectively (Fig-
ure 2). The sensor has a detection limit of less than 0.5
Pa, a fast response time (for a pressure of 50 Pa: 50 ms
and 20 ms for loading and unloading, respectively),
and a very good repeatability of 1000 cycles (for a
pressure of 20 kPa). The excellent properties of this
kind of sensor enable accurate recognition of various
human actions, it can monitor fine biomedical signals
in humans and more. The development of a flexible
cellulose fiber pressure sensor that can be used to map
the pressure distribution or as a pixel detector to detect
spatially resolved pressure is a new viable approach in
fabrication for applications in electronic skin and wear-
able electronics; however, due to its high sensitivity, it
is not applicable in seating furniture.

3.4 Carbonized wood sensor with
polydimethylsiloxane filling

3.4. Senzor od karboniziranog drva s punilom
od polidimetilsiloksana

Huang ef al. (2018) developed a simple procedure
for the fabrication of flexible pressure sensors based on
carbon using natural wood structures and silicon. The
method they developed uses a blade cutting process in a
unique multi-channel composite structure with variable
surface topography. The authors studied the role of car-
bon surface microstructures in the pressure sensor by
using horizontally and vertically cut composite layers in
a vertical piezoresistor configuration.

Due to their rough surface and highly deformable
microstructure, the horizontally cut composite sensors
exhibit much higher sensitivity and a wider linear
range, while exhibiting low hysteresis and good cycle
stability. The wide linear range is an outstanding prop-
erty that enables the sensor to precisely track human
physiological signals (e.g. real-time breathing detec-
tion), and the high sensitivity property is suitable for
measuring epidermal pulse, for example.

3.5 Carbonized lignin sensor from corn
and polydimethylsiloxane

3.5. Senzor od karboniziranog lignina iz
kukuruza i polidimetilsiloksana

Wang et al. (2018) presented a flexible composite
of polydimethylsiloxane and carbonized lignin (PDMS/
CL) that is electrically highly sensitive and was made
by a simple and inexpensive process. The conductivity
of the PDMS/CL composite with one-third part of car-
bonized lignin is at least 16 times lower than the con-
ductivity of the obtained CL, whose oxygen and hydro-
gen content were drastically reduced during the simple
carbonization process. A relative change in resistance
response, built up during an applied stress of 0 to
20 kPa, was found in the pressure-sensitive phase in
the range of 0 to 3 kPa. Previous reports on transistor
pressure sensors and most other carbon materials sen-
sors indicate significantly lower sensitivity than the
57 kPa! achieved here, which is very interesting.

The PDMS/CL composite shows excellent and
stable pressure frequency response of up to 2.5 Hz. At
the same time, the time of response to loading is ap-
proximately 60 ms, while the response to unloading
occurs in 40 ms. The sensor has exceptional durability,
which is manifested by the intensity of the response to
repeated compression, which is stable for as many as
100,000 cycles. The paper proved the possible applica-
tion of lignin in the production of flexible sensors in a
relatively cheap process, with good reproducibility and
high sensitivity that finds application in wearable elec-
tronics (for example, pulse monitoring by delicate
pressure changes or muscle movements) and smart
systems where force is demanded.

3.6 Biocarbon sensor from rice husk
and polydimethylsiloxane

3.6. Biouglji¢ni senzor iz rizine ljuske i
polidimetilsiloksana

By using the pyrolysis of plant biomass, biochar
is obtained, which can be considered as an alternative
source of “green” carbon for the production of pressure
sensors based on polymer foams, according to Haffiz et
al. (2017). In the paper, foams produced by the sugar
template method were studied, while biochar obtained
by pyrolysis of rice husk in the extraction of liquid fuel
was explored as a filler. By static and cyclic loading of
a sensor device with biochar/PDMS foam between two
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copper electrodes, the properties of the pressure sensor
were investigated, and the mechanical characteristics
were also studied. Tests have shown an inversely pro-
portional relationship between electrical resistance and
pressure increase, whereby the biochar/PDMS foams
produced in this way show a negative pressure resis-
tance coefficient.

The sensor showed remarkable electrical conduc-
tivity, which increased significantly during compres-
sion. Mechanical properties during compression
showed that this sensor behaves like a typical elasto-
meric foam. Hysteresis is present during the loading
and unloading cycles. The response is in the elastic re-
gion during lower stresses with a trend of a slight in-
crease due to the action of higher stresses, and then a
sudden increase in deformation at higher stresses. This
leads to the fusion of opposite cell walls and a drop in
electrical resistance, and an increase in conductivity.

3.7 Sensor made of cellulose nanofibers
and lignin

3.7. Senzor od celuloznih nanovlakana i lignina

Fabrication of wood-derived elastic carbon aero-
gel with a tracheid-like texture from cellulose nanofi-
bers (CNF) and lignin is a sustainable and simple
method presented by Chen et al. (2020). Carbon aero-
gel obtained from wood shows high durability and
compressibility, which are excellent mechanical prop-
erties. In addition, it has high sensitivity in a wide
range of working pressure up to 17 kPa, which enables
precise detection of human biosignals.

A flexible, free-standing symmetric solid-state
supercapacitor can be made of carbon aerogel, which
shows satisfactory results for applications in pressure
sensors and flexible electrodes with its electrochemical
properties and mechanical flexibility.

3.8 Carbonized cotton fabric sensor with
thermoplastic polyurethane

3.8. Senzor od karbonizirane pamucne
tkanine s termoplasti¢nim poliuretanom

By a simple carbonization process, Chang et al.
(2020) made an elastic pressure sensor based on fabric
and thermoplastic polyurethane (TPU). The influence
of carbonization temperature variations (up to 1000
°C) and the concentration of the flexible substrate solu-
tion (up to 10 %) on the properties of the sensor was
investigated, which was confirmed by tests under dif-
ferent process conditions. After research, it was deter-
mined that the pressure sensor made in this way, with
fabric carbonized at a temperature between 800 and
900 °C and with a concentration of 6 % thermoplastic
polyurethane, has a sensitivity of up to 80 kPa' (at
pressure of 0.5 kPa) and a hysteresis of less than 12 %,
which unfortunately does not make it a candidate for
use in furniture, but is therefore excellent for use in
wearable electronics.
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Figure 3 CCP pressure sensor sensitivity shown as relative
change in electric current under pressure load (Reprinted
(adapted) with permission from Chen et al. Copyright 2018
American Chemical Society)

Slika 3. Osjetljivost CCP senzora tlaka prikazana kao
relativna promjena elektri¢ne struje pod tlaénim
opterecenjem (preuzeto s dozvolom iz Chen ef al., Copy-
right 2018 American Chemical Society)

3.9 Sensor made of carbonized crepe
paper with a wavy structure

3.9. Senzor od karboniziranog krep-papira
valovite strukture

Taking advantage of the porous and corrugated
structure of carbonized crepe paper, Chen et al. (2018)
developed a flexible pressure sensor. The sensor is
based on a simple and scalable approach, using screen-
printed interdigital electrodes on printing cellulose pa-
per and carbonized crepe paper (CCP). The presented
sensor has very good electromechanical properties, in-
cluding high sensitivity, wide operating pressure range
up to 20 kPa (Figure 3), fast response time (less than 30
ms), low detection limit of only 0.9 Pa, and durability
greater than 3000 cycles.

The advantages of carbonized crepe paper pres-
sure sensors, according to authors, are flexible sub-
strate and active component (printing paper and crepe
paper, respectively), having a microstructure that can
be adapted to known papermaking technologies, in or-
der to meet different requirements: simple, scalable,
cost-effective and environmentally friendly, produced
in the process and, due to the origin of the components,
available at a low price and in sufficient quantities. The
mentioned advantages enable the sensor to detect pres-
sure changes, for example, caused by the pulse on the
hand, breathing, speech, etc., but also to monitor the
spatial distribution of pressure in real time. This sensor,
like most of the previously described ones, has poten-
tial applications in wearable electronics, robotics,
healthcare and human-machine interface.

3.10 Discussion
3.10. Rasprava

The basic difference between the described sen-
sors is in the materials and manufacturing process. Ac-
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cording to the materials used to make the conductive
component, sensors can be from: carbonized wood and
wood substances (lignin, cellulose fibers); carbonized
extracted tea leaf; carbonized lignin from corn; carbon-
ized rice flakes; carbonized cotton fabrics; and carbon-
ized crepe paper. The conductive components of all
described sensors are made of organic biomass. Con-
sidering the growing environmental awareness, the
conductive elements of all described sensors can be
made from biological waste or excess unused material
(residue) from production.

Carbonized organic mass can have excellent
electrical conductivity properties, but poor mechanical
properties, which is solved by adding conductive mate-
rial in carrier from different types of synthesized mate-
rials. The following polymer matrix materials are usu-
ally used as a carrier: polyvinyl alcohol (PVA);
polypropylene (PP); polydimethylsiloxane (PDMS);
thermoplastic polyurethane (TPU); and polydopamine
(PDA).

All described sensors, except for one, are charac-
terized by more or less elastic properties with different
changes in electric resistance. In many results present-
ed, the usefulness and operating range of the sensor are
partially dependent on the matrix material. Unlike the
others, the sensor based on polypropylene matrix is
specific in a way that it showed irreversible plastic de-
formation. It seems that the PP was the reason for the
non-reversibility, due to its higher plastic phase than in
common epoxy resins, and as a counterexample to the
excellent flexibility of the PVA polymer matrix mate-
rial in one of the papers presented. Such an irreversible
pressure sensor could also find application in many
sectors, e.g. a sensor for detecting a local shock-in-
duced failure.

All processed papers on “biochar pressure sen-
sor” or “carbonized pressure sensor” are shown in Ta-
ble 1, where an overview of the used conductive com-
ponent material, matrix material, sensitivity, operating
range, and other summary data are given.

The sensor based on carbonized cotton fabric
with TPU matrix showed the best sensitivity (80.59
kPa). Despite the excellent sensitivity, this sensor has
relatively poor durability, i.e. repeatability (endurance)
of only 4,000 cycles. The second most sensitive sensor
was the one made of carbonized corn lignin and PDMS
matrix. It showed a sensitivity of 57 kPa! and an ex-
ceptional repeatability of 100,000 cycles. In addition,
the working range of this sensor is above average high,
up to 130 kPa. The sensor made of carbonized wood
and carrier with PVA has a maximum working range of
0 to 358 kPa. The sensor made of carbonized wood and
PDMS showed the highest response speed, lasting 20
ms for loading and the same amount for unloading. Ac-
cording to these data, it is noticeable that all conductive

materials are made using different technologies and
different processes (carbonization time, temperature,
conditions). The processing method to make biocarbon
or biochar (i.e. filler) is an important factor in deter-
mining the appropriateness of the material used in a
sensor.

PDMS seems to be the most suitable matrix ma-
terial, as it is characterized by high sensitivity, working
range, response speed and repeatability. However, ac-
cording to Ariati ef al. (2021), the main disadvantage
of PDMS is its structural application, which may be
extremely specific and reduced. However, the modifi-
cation of its characteristics, such as transparency, can
be interesting for the use in sensors and for some other
application. It is also limited by the lack of (covalent)
bonds between PDMS and surface modifiers, which
lead to the loss of modifiers (Miranda ez al., 2022).
Given that the positive properties of PDMS are ex-
pressed in different sensors, it is necessary to analyze
in more detail the correlations between the composite
manufacturing procedures and the quantity and quality
of the materials used.

According to the mentioned properties and anal-
yses, sensors based on carbonized biomass have great
potential for implementation in cutting-edge techno-
logical discoveries such as robotic skin and wearable
devices for monitoring physiological information in
humans. Apart from the previously described purposes
of the analyzed sensors, none of the above should be
understood as a means of measuring the pressure load
in the use of furniture.

In order to have the potential to be used in e.g.
seating furniture, the solutions presented here should
be developed in such a way as to improve the design of
the sensor, which would be a combination of the best
known properties. Such sensors do not have to be su-
per-sensitive like those on wearable devices, but they
must be robust: be durable enough, have the minimum
necessary elasticity, have the best sensitivity in the area
of pressures that occur in the given circumstances (e.g.
under the sitting bones and surrounding tissue when
sitting), have a relatively fast response, be discreet.
These would be the parameters that determine the
properties of the sensor, as well as the necessity of a
simple interface and connectivity with existing devices
for displaying output signals.

4 CONCLUSIONS
4. ZAKLJUCAK

In today’s time of exponential development of
technology and frequent work on the computer, exces-
sive sitting is a big problem for human health. Chairs
with sensors will be increasingly used, which in com-
bination with the Internet of Things can be put to good

) DRVNA INDUSTRIJA 74 (2) 251-260 (2023) 257



Vlaovi¢, Palali¢, Domljan: Research of Carbon Biosensors for Application in Seating Furniture: A Review

[ed
. e udvd
‘ §T uapai23dodu | papeofun . : uvsyopis-jyoupjod (8102
000°¢ . 0z > (4K UL/ 006-03dn | (e L' [xQ1x01) ) e/u -da.y 1un.0z10qiDY )
0€ :ua2a.423do | papeo] [ed™ 2 0-0] Juexois-j[AypowrpAjod soded odero pezmIoquEo 1D 12 udy)
L9°S
uvja.nijod puUDy]
. . _ - wp1sv]doutid) e pupnund pun.1z1uoq.ny (6102)
000'¥ / / 65°08 Y1/D20006-008 / sueygomAjod /u suqey 0 12 Suey)
onsejdowroyy U0})0d PIZIUOQIEd
DUYD]AOUDU DUZOIN]DD
. TS Ua242)dodu | popeoun . . o uvsyoqis-jaunpijod QM.MB >n> UD.LZIUOGDY (0202)
000°0¢ G9 :ua2a.123do | papeo| 6891 > or's 42/9-008 o Juexois-[AypawrpAjod P “ \M 5 sIoqyoueu ‘D 12 Uy
sol € 9SO[NJ[0 PIZIU0GIed
aorysni]
B/U B/U B/U B/U e B/U upsyojIs-jiioutiplod B/U QUIZLL QUDAIZIUOGADY (L102)
SL /Do 005-00% auexojis-[AyjowpAjod 1Y 0K POZIUOGIED 1v 12 ZyjeH
pzn.myny
. 0F :u292421doau | papeorun . unsyojis-jypaupijod . Z1 uIUS1] WUDLZIUOGADY (8102)
0007001 09 :u2p2:23do | papeo] 0€l > LS Y<T/90006 (0" 1x01%01) suexops-jApounpAjod YoM €7EC 109 10 12 Suep
woly urugI| paziuoqred
. 07 :uapa.123doau  papeoun ] ] uvsyoqis-jpaunpijod 1M 0P OUDAIZIUOGADY (8102)
000°¢l 0T :ua9a.423do | papeo| 001> L Ol D0 008 (It 0 €x€) suexoyis-[AypowipAjod | g “xoidde pooMm pazIuoqied ‘v 32 Sueny
DUYD]A DUZO]N]ID
. 07 :uapa.121doou | papeoun unuvdoprjod DUD.LZIUOG.LDY .
0001 06 :uo02401d0 | PAPEO] 0s > o Y4 €/ D0 008 /U sururedopjod oM GET 51005 (1202) w1211
9SO[NJ[90 PIZIUOGILd
vl Souv.a1yv.a3syo
. uaprdo.dijod 140181] 1UDHZIUOGDY (0202)
B/u B/u B/u B/ U og / 90 0001 (W 0" 1x0€x9) ousjidodAjod %018 OF SOABI] BO) 1 12 100N
PAJOBIIXS PIAZIUOQILD
%03 T1
) 1oyoy v wjiuiajod oap oun-ZIU0G.IDY (L107) @oue|
e/ e 85¢> A e (s 6°0>8a) [oyoore [Aurakjod @cM\a\“ﬁBwoﬁ POOM PIZIUOQIEd -[eA2( pue ueN
(4
KGQE«E loaq w ey ‘Uodsv. e vual}3noiq —_ optund opp) (ojund) ayuauoduioy
15041(ja0u0J . wupvy ; owa.drad Lijpupan | vL0ZUDS dl1ZUdUI(T aailjpoa [pliiaipy youvy)
DAIZDPO DUIZAG 15041(]12[50) [plii2ipul 138DjOUIS Jgejuddaad 5
S9[24) Jo ‘ou sods asuodso ddue. LATISTD srePweled Uop | SUOISUIWIIP 10SUIS ELIo1EU XLAEU LIS e (I9[[Y) [eLId)BW JUSU ndeg
‘Sypqeeadoy P A sunerdQ HARISIOS | redoad Jeydorg 16119 H 1o 4 -odwod 3ApdINnpuo)

BYe[) BIOZUDS YIuRIIZI[RUE BAR)S[OAS BQpolods T edljqe],
s1osuas anssald pazAeue jo sanradord jo uosuredwo)) | djqeL,

258 Q) DRVNA INDUSTRIJA 74 (2) 251-260 (2023)



Vlaovi¢, Palali¢, Domljan: Research of Carbon Biosensors for Application in Seating Furniture: A Review

use in monitoring the users’ habits and health. Sensors
implemented in seating furniture are one of the solu-
tions for monitoring sitting habits and indirectly miti-
gating the negative consequences of poor sitting.

This paper analyzes a part of the research that
includes the production and application of pressure
sensors from carbonized biomaterials. Although the
research focused on sensors that can be built into
seating furniture, so far, the results have not provided
the desired answers. However, the results offer an
overview of technologies that, with further research,
likely have the potential to be incorporated into seat-
ing furniture. Precisely the sensors analyzed in this
paper, considering their excellent properties, low
manufacturing cost and organic origin of the material,
have great potential in the wider application of sen-
sors for monitoring sitting habits.

Analyzed sensors showed excellent sensitivity
and as such could be used to monitor sitting habits.
Considering their small thickness and simple con-
struction, the sensors could be implemented in chair
seats, for example in the layer between the seat foam
and the seat base. In the same way, they could be im-
plemented in the backrest or armrests, thus covering
all the key parts related to habits, i.e. the quality of
sitting. In this way, the chair could remain aestheti-
cally and functionally unchanged, while at the same
time being enriched with sensors that monitor the sit-
ting position of the user.

Despite the exceptional sensitivity, the problem
of implementing these sensors in seating furniture is
their repeatability (durability). Given that numerous
changes in pressure load occur during sitting, almost
all analyzed sensors would lose their function very
quickly. As a possible pilot solution, a sensor based on
carbonized lignin and PDMS, characterized by repeat-
ability of 100,000 cycles, could be used. To solve the
problem of repeatability, at the expense of sensitivity,
the durability of the sensor could be increased. Accord-
ing to previous research, this could be done by adding
a larger percentage of the resin matrix to improve the
mechanical properties of the sensor. However, this
would likely impact the sensitivity and conductivity of
the sensor. Nonetheless, sensors produced in this way
would have better durability, and considering that fur-
niture involves much higher forces than robotic skin or
devices for monitoring physiological signals, the re-
duced sensitivity should still be sufficient to collect
information related to monitoring sitting habits.

During the research of the most suitable bio-sen-
sors for use in seating furniture, unfortunately, not a
single paper was directly related to such an application
of bio-sensors for any kind of furniture. Therefore, new
research is needed, which will focus on the implementa-
tion of bio-sensors in furniture for sitting, as well as on

the search for possible solutions that would be further
improved and adapted to the application in furniture.

REFERENCES
LITERATURA

o1

1. Ariati, R.; Sales, F.; Souza, A.; Lima, R. A.; Ribeiro, J.,
2021: Polydimethylsiloxane Composites Characteriza-
tion and Its Applications: A Review. Polymers, 13 (23):
4258. https://doi.org/10.3390/polym13234258

2. Bartoli, M.; Torsello, D.; Piatti, E.; Giorcelli, M.; Spara-
vigna, A. C.; Rovere, M.; Ghigo, G.; Tagliaferro, A.,
2022: Pressure-Responsive Conductive Poly(vinyl alco-
hol) Composites Containing Waste Cotton Fibers Bio-
char. Micromachines, 13 (1): 125. https://doi.org/10.3390/
mil3010125

3. Bolf, N., 2019. Measurement and regulation technique:
Pressure measurement — piezoelectric and piezoresistive
sensors (in Croatian). Kemija u industriji: Casopis
kemicara i kemijskih inZenjera Hrvatske, 68 (7-8): 365-
368.

4. Chang, S.; Li, J.; He, Y.; Liu, H., 2020: Effects of car-
bonization temperature and substrate concentration on
the sensing performance of flexible pressure sensor. Ap-
plied Physics A: Materials Science and Processing, 126
(1): 1-10. https://doi.org/10.1007/s00339-019-3216-2

5. Chen, S.; Song, Y.; Xu, F., 2018: Flexible and Highly
Sensitive Resistive Pressure Sensor Based on Carbon-
ized Crepe Paper with Corrugated Structure. ACS Ap-
plied Materials and Interfaces, 10 (40): 34646-34654.
https://doi.org/10.1021/acsami.8b13535

6. Chen, Z.; Zhuo, H.; Hu, Y.; Lai, H.; Liu, L.; Zhong, L.;
Peng, X., 2020: Wood-Derived Lightweight and Elastic
Carbon Aerogel for Pressure Sensing and Energy Stor-
age. Advanced Functional Materials, 30 (17): 1910292.
https://doi.org/10.1002/adfm.201910292

7. Haffiz, T. M.; Izzuddin, M. Y. A.; Affidah, D.; Amirul, A.;
Ahmad, S.; Islam, M. N.; Zuruzi, A. S., 2017: Biochar: A
“green” carbon source for pressure sensors. In: Proceed-
ings of IEEE Sensors, October, pp. 1-3. https://doi.
org/10.1109/ICSENS.2017.8233940

8. Huang, Y.; Chen, Y.; Fan, X.; Luo, N.; Zhou, S.; Chen, S.
C.; Zhao, N.; Wong, C. P., 2018: Wood Derived Compos-
ites for High Sensitivity and Wide Linear-Range Pressure
Sensing. Small, 14 (31): 1801520. https://doi.
org/10.1002/sml1.201801520

9. Huang, W.; Dai, K.; Zhai, Y.; Liu, H.; Zhan, P.; Gao, J.;
Zheng, G.; Liu, C.; Shen, C., 2017: Flexible and Light-
weight Pressure Sensor Based on Carbon Nanotube/
Thermoplastic Polyurethane-Aligned Conductive Foam
with Superior Compressibility and Stability. ACS Ap-
plied Materials and Interfaces, 9 (48): 42266-42277. htt-
ps://doi.org/10.1021/acsami.7b16975

10. Lei, X.; Ma, L.; Li, Y.; Cheng, Y.; Cheng, G. J.; Liu, F.,
2022: Highly sensitive and wide-range flexible pressure
sensor based on carbon nanotubes-coated polydimethyl-
siloxane foam. Materials Letters, 308: 131151. https://
doi.org/10.1016/j.matlet.2021.131151

11. Li, C.; Li, G.; Li, G.; Yu, D.; Song, Z.; Liu, X.; Wang, H.;
Liu, W., 2021: Cellulose Fiber-Derived Carbon Fiber
Networks for Durable Piezoresistive Pressure Sensing.
ACS Applied Electronic Materials, 3 (5): 2389-2397.
https://doi.org/10.1021/acsaelm.1c00286

12. Liu, W.; Liu, N.; Yue, Y.; Rao, J.; Cheng, F.; Su, J.; Liu,
Z.; Gao, Y., 2018: Piezoresistive Pressure Sensor Based

) DRVNA INDUSTRIJA 74 (2) 251-260 (2023) 259



Vlaovi¢, Palali¢, Domljan: Research of Carbon Biosensors for Application in Seating Furniture: A Review

13.

14.

15.

16.

17.

on Synergistical Innerconnect Polyvinyl Alcohol Na-
nowires/Wrinkled Graphene Film. Small, 14 (15): 1-8.
https://doi.org/10.1002/smll.201704149

Marrot, L.; Candelier, K.; Valette, J.; Lanvin, C.; Horvat,
B.; Legan, L; DeVallance, D. B., 2022: Valorization of
hemp stalk waste through thermochemical conversion
for energy and electrical applications. Waste and Bio-
mass  Valorization, 13: 2267-2285. https://doi.
org/10.1007/s12649-021-01640-6

Miranda, I.; Souza, A.; Sousa, P.; Ribeiro, J.; Castanhei-
ra, E. M. S.; Lima, R.; Minas, G., 2022: Properties and
Applications of PDMS for Biomedical Engineering: A
Review. Journal of Functional Biomaterials, 13 (1): 2.
https://doi.org/10.3390/jf613010002

Mishra, R. B.; El-Atab, N.; Hussain, A. M.; Hussain, M.
M., 2021: Recent Progress on Flexible Capacitive Pres-
sure Sensors: From Design and Materials to Applica-
tions. Advanced Materials Technologies, 6 (4): 2001023.
https://doi.org/10.1002/admt.202001023

Nan, N.; DeVallance, D. B., 2017: Development of
poly(vinyl alcohol)/wood-derived biochar composites
for use in pressure sensor applications. Journal of Materi-
als Science, 52 (13): 8247-8257. https://doi.org/10.1007/
s10853-017-1040-7

Noori, A.; Bartoli, M.; Frache, A.; Piatti, E.; Giorcelli,
M.; Tagliaferro, A., 2020: Development of pressure-re-

Corresponding address:

DANIJELA DOMLJAN
University of Zagreb, Faculty of Forestry and Wood Technology, SvetoSimunska 23, 10000 Zagreb, CROATIA,
e-mail: ddomljan@sumfak.unizg.hr

ORCID ID

Z. Vlaovi¢ https://orcid.org/0000-0002-0855-6842
D. Domljan https://orcid.org/0000-0002-6388-5825

260 Q) DRVNA INDUSTRIJA 74 (2) 251-260 (2023)

18.

19.

20.

21.

22.

sponsive polypropylene and biochar-based materials.
Micromachines, 11 (4): 339. https://doi.org/10.3390/
MI11040339

Owen, N.; Healy, G. N.; Matthews, C. E.; Dunstan, D.
W., 2010: Too Much Sitting: The Population Health Sci-
ence of Sedentary Behavior. Exercise and Sport Sciences
Reviews, 38 (3): 105-113. https://doi.org/10.1097/
JES.0b013e3181e373a2

Tai, G.; Wei, D.; Su, M.; Li, P.; Xie, L.; Yang, J., 2022:
Force-Sensitive Interface Engineering in Flexible Pres-
sure Sensors: A Review. Sensors, 22 (7): 2652. https:/
doi.org/10.3390/522072652

Tran, A.V.; Zhang, X.; Zhu, B., 2018. Mechanical struc-
tural design of a piezoresistive pressure sensor for low-
pressure measurement: A computational analysis by in-
creases in the sensor sensitivity. Sensors, 18 (7): 2023.
https://doi.org/10.3390/518072023

Wang, B.; Shi, T.; Zhang, Y.; Chen, C.; Li, Q.; Fan, Y.,
2018: Lignin-based highly sensitive flexible pressure
sensor for wearable electronics. Journal of Materials
Chemistry C, 6 (24): 6423-6428. https://doi.org/10.1039/
c8tc01348a

Zhang, L.; Li, H.; Lai, X.; Gao, T.; Liao, X.; Chen, W.;
Zeng, X., 2019: Carbonized cotton fabric-based multi-
layer piezoresistive pressure sensors. Cellulose, 26 (8):
5001-5014. https://doi.org/10.1007/s10570-019-02432-x


https://orcid.org/0000-0002-0855-6842
https://orcid.org/0000-0002-6388-5825

Upute autorima
Opce odredbe

Casopis Drvna industrija objavljuje znanstvene radove (izvorne
znanstvene radove, pregledne radove, prethodna priopéenja), struéne
radove, izlaganja sa savjetovanja, struéne obavijesti, bibliografske
radove, preglede te ostale priloge s podrucja biologije, kemije, fizike
i tehnologije drva, pulpe i papira te drvnih proizvoda, ukljucujuéi i
proizvodnu, upravljacku i trzisnu problematiku u drvnoj industriji.
Predaja rukopisa podrazumijeva uvjet da rad nije ve¢ predan negdje
drugdje radi objavljivanja ili da nije ve¢ objavljen (osim sazetka,
dijelova objavljenih predavanja ili magistarskih radova odnosno di-
sertacija, Sto mora biti navedeno u napomeni) te da su objavljivanje
odobrili svi suautori (ako rad ima vi$e autora) i ovlastene osobe usta-
nove u kojoj je istrazivanje provedeno. Cjelokupni sadrzaj Drvne in-
dustrije dostupan je za skidanje s interneta, tiskanje, daljnju distribu-
ciju, ¢itanje i ponovno kori$tenje bez ogranicenja sve dok se naznace
autor(i) i originalni izvor prema Creative Commons Attribution 4.0
International License (CC BY). Autor(i) zadrzavaju izdavacka prava
bez ogranicenja.

Znanstveni i stru¢ni radovi objavljuju se na engleskom jeziku, uz sa-
zetak na hrvatskome. Takoder, naslov, podnaslovi i svi vazni rezulta-
ti trebaju biti napisani dvojezi¢no. Uredni$tvo osigurava inozemnim
autorima prijevod na hrvatski. Ostali se ¢lanci uglavnom objavlju-
ju na hrvatskome. Znanstveni i stru¢ni radovi podlijezu temeljitoj
recenziji najmanje dvaju recenzenata. Izbor recenzenata i odluku o
klasifikaciji i prihvacanju ¢lanka (prema preporukama recenzenata)
donosi Urednicki odbor.

Svi prilozi podvrgavaju se jezi¢noj obradi. Urednici ¢e od autora
zahtijevati da tekst prilagode preporukama recenzenata i lektora,
te zadrzavaju i pravo da predloze skracivanje ili poboljSanje teksta.
Autori su potpuno odgovorni za svoje priloge. Podrazumijeva se
da je autor pribavio dozvolu za objavljivanje dijelova teksta $to su
ve¢ negdje objavljeni te da objavljivanje ¢lanka ne ugrozava prava
pojedinca ili pravne osobe. Radovi moraju izvjestavati o istinitim
znanstvenim ili tehni¢kim postignu¢ima. Autori su odgovorni za ter-
minolosku i metrolosku uskladenost svojih priloga. Radovi se Salju
elektronicki putem poveznice http://journal.sdewes.org/drvind

Upute

Predani radovi smiju sadrzavati najvise 15 jednostrano pisanih A4
listova s dvostrukim proredom (30 redaka na stranici), ukljucujuéi
i tablice, slike te popis literature, dodatke i ostale priloge. Dulje je
¢lanke preporucljivo podijeliti na dva ili viSe nastavaka. Tekst treba
biti u doc formatu, u potpunosti napisan fontom 7imes New Roman
(tekst, grafikoni i slike), normalnim stilom, bez dodatnog uredenja
teksta.

Prva stranica poslanog rada treba sadrzavati puni naslov, ime(na) i
prezime(na) autora, podatke o zaposlenju autora (ustanova, grad i
drzava) te sazetak s kljuénim rije¢ima (duljina sazetka priblizno 1/2
stranice A4).

Posljednja stranica treba sadrzavati titule, zanimanje, zvanje i adresu
(svakog) autora, s naznakom osobe s kojom ¢e Uredni$tvo biti u vezi.
Znanstveni i struéni radovi moraju biti sazeti i precizni. Osnovna
poglavlja trebaju biti oznacena odgovaraju¢im podnaslovima. Na-
pomene se ispisuju na dnu pripadajuce stranice, a obrojcavaju se
susljedno. One koje se odnose na naslov oznacuju se zvjezdicom,
a ostale uzdignutim arapskim brojkama. Napomene koje se odnose
na tablice piSu se ispod tablica, a oznacavaju se uzdignutim malim
pisanim slovima, abecednim redom.

Latinska imena trebaju biti pisana kosim slovima (italicom), a ako
je cijeli tekst pisan kosim slovima, latinska imena trebaju biti pod-
crtana.

U uvodu treba definirati problem i, koliko je moguce, predociti gra-
nice postojec¢ih spoznaja, tako da se Citateljima koji se ne bave po-
dru¢jem o kojemu je rije¢ omoguéi razumijevanje ciljeva rada.
Materijal i metode trebaju biti Sto preciznije opisane da omoguce
drugim znanstvenicima ponavljanje pokusa. Glavni eksperimentalni
podaci trebaju biti dvojezi¢no navedeni.

Rezultati trebaju obuhvatiti samo materijal koji se izravno odnosi na
predmet. Obvezatna je primjena metrickog sustava. Preporucuje se
upotreba SI jedinica. Rjede rabljene fizikalne vrijednosti, simboli i
jedinice trebaju biti objasnjeni pri njihovu prvom spominjanju u tek-
stu. Za pisanje formula valja se koristiti Equation Editorom (progra-
mom za pisanje formula u MS Wordu). Jedinice se piSu normalnim
(uspravnim) slovima, a fizikalni simboli i faktori kosima (italicom).

Formule se susljedno obroj¢avaju arapskim brojkama u zagradama,
npr. (1) na kraju retka.

Broj slika mora biti ograni¢en samo na one koje su prijeko potrebne
za objasnjenje teksta. Isti podaci ne smiju biti navedeni i u tablici i
na slici. Slike i tablice trebaju biti zasebno obroj¢ane, arapskim broj-
kama, a u tekstu se na njih upucuje jasnim naznakama (“tablica 1”
ili “slika 17). Naslovi, zaglavlja, legende i sav ostali tekst u slikama i
tablicama treba biti napisan hrvatskim i engleskim jezikom.

Slike je potrebno rasporediti na odgovarajuca mjesta u tekstu, trebaju
biti izradene u rezoluciji 600 dpi, crno-bijele (objavljivanje slika u
koloru moguce je na zahtjev autora), formata jpg ili tiff, potpune i
jasno razumljive bez pozivanja na tekst priloga.

Svi grafikoni i tablice izraduju se kao crno-bijeli prilozi (osim na
zahtjev). Tablice i grafikoni trebaju biti na svojim mjestima u tekstu
te originalnog formata u kojemu su izradeni radi naknadnog ubaci-
vanja hrvatskog prijevoda. Ako ne postoji moguénost za to, potrebno
je poslati originalne dokumente u formatu u kojemu su napravljeni
(excel ili statistica format).

Naslovi slika i crteza ne piSu se velikim tiskanim slovima. Crtezi
i grafikoni trebaju odgovarati stilu ¢asopisa (fontovima i izgledu).
Slova i brojke moraju biti dovoljno veliki da budu lako ¢itljivi na-
kon smanjenja $irine slike ili tablice. Fotomikrografije moraju imati
naznaku uvecanja, pozeljno u mikrometrima. Uvecanje moze biti
dodatno naznaceno na kraju naslova slike, npr. “uvecanje 7500 : 1”.
Diskusija i zaklju¢ak mogu, ako autori zele, biti spojeni u jedan odje-
ljak. U tom tekstu treba objasniti rezultate s obzirom na problem
postavljen u uvodu i u odnosu prema odgovarajué¢im zapazanjima
autora ili drugih istrazivaca. Valja izbjegavati ponavljanje podataka
ve¢ iznesenih u odjeljku Rezultati. Mogu se razmotriti naznake za
daljnja istrazivanja ili primjenu. Ako su rezultati i diskusija spojeni u
isti odjeljak, zakljucke je nuzno napisati izdvojeno. Zahvale se navo-
de na kraju rukopisa. Odgovarajucu literaturu treba citirati u tekstu,
i to prema harvardskom sustavu (ime — godina), npr. (Badun, 1965).
Nadalje, bibliografija mora biti navedena na kraju teksta, i to abe-
cednim redom prezimena autora, s naslovima i potpunim navodima
bibliografskih referenci. Popis literature mora biti selektivan, a svaka
referenca na kraju mora imati naveden DOI broj, ako ga posjeduje
(http://www.doi.org) (provjeriti na http://www.crossref.org).

Primjeri navodenija literature

Clanci u ¢asopisima: Prezime autora, inicijal(i) osobnog imena, go-
dina: Naslov. Naziv ¢asopisa, godiste (ev. broj): stranice (od — do).
Doi broj.

Primjer

Karki, T., 2001: Variation of wood density and shrinkage in Europe-

an aspen (Populus tremula). Holz als Roh- und Werkstoff, 59: 79-84.
http://dx.doi.org/10.1007/s001070050479.

Knjige: Prezime autora, inicijal(i) osobnog imena, godina: Naslov.
(ev. izdavac/editor): izdanje (ev. svezak). Mjesto izdanja, izdavac
(ev. stranice od — do).

Primjeri

Krpan, J., 1970: Tehnologija furnira i plo¢a. Drugo izdanje. Zagreb,
Tehnicka knjiga.

Wilson, J. W.; Wellwood, R. W., 1965: Intra-increment chemical
properties of certain western Canadian coniferous species. U: W. A.
Cote, Jr. (Ed.): Cellular Ultrastructure of Woody Plants. Syracuse,
N.Y., Syracuse Univ. Press, pp. 551- 559.

Ostale publikacije (brosure, studije itd.)

Miiller, D., 1977: Beitrag ziir Klassifizierung asiatischer Baumar-
ten. Mitteilung der Bundesforschungsanstalt fiir Forstund Holzvvirt
schaft Hamburg, Nr. 98. Hamburg: M. Wiederbusch.

Web stranice

**%1997: “Guide to Punctuation” (online), University of Sussex,
www.informatics.sussex.ac.uk/department/docs/punctuation/node
00.html. First published 1997 (pristupljeno 27. sijecnja 2010).

Autoru se prije konac¢nog tiska Salje pdf rada. Rad je potrebno pazlji-
vo procitati, ispraviti te vratiti Uredni$tvu s listom ispravaka. Autori
znanstvenih i stru¢nih radova besplatno dobivaju po jedan primjerak
Casopisa. Autoru svakog priloga takoder se dostavlja besplatan pri-
mjerak ¢asopisa.

Dodatne informacije o nacinu pisanja znanstvenih radova mogu se
naci na web adresi:

hww.ease.0rg.uklnublications/author—guidelines



http://www.ease.org.uk/publications/author-guidelines

Instructions for authors

General terms

The “Drvna industrija” (““Wood Industry”) journal publishes scientific
papers (original scientific papers, review papers, previous notes),
professional papers, conference papers, professional information,
bibliographical and survey articles and other contributions related
to biology, chemistry, physics and technology of wood, pulp and
paper and wood products, including production, management and
marketing issues in the wood industry.

Submission of a paper implies that the work has not been submitted
for publication elsewhere or published before (except in the form of
an abstract or as part of a published lecture, review or thesis, in which
case it must be stated in a footnote); that the publication is approved
by all co-authors (if any) and by the authorities of the institution
where the research has been carried out. The complete content of the
journal Drvna industrija (Wood Industry) is available on the Internet
permitting any users to download, print, further distribute, read and
reuse it with no limits provided that the author(s) and the original
source are identified in accordance with the Creative Commons
Attribution 4.0 International License (CC BY). The authors retain
their copyrights.

The scientific and professional papers shall be published in English
with summary in Croatian. The titles, headings and all the relevant
results shall be also presented bilingually. The Editor’s Office shall
provide the translation into Croatian for foreign authors. Other
articles are generally published in Croatian. The scientific and
professional papers will be subject to a thorough review by at least
two selected referees. The Editorial Board shall make the choice of
reviewers, as well as the decision about the classification of the paper
and its acceptance (based on reviewers’ recommendations).

All contributions are subject to proofreading. The editors will require
authors to modify the text in the light of the recommendations made
by reviewers and language advisers, and they reserve the right to
suggest abbreviations and text improvements. Authors are fully
responsible for the contents of their contributions. It shall be assumed
that the author has obtained the permission for the reproduction of
portions of text published elsewhere, and that the publication of the
paper in question does not infringe upon any individual or corporate
rights. Papers shall report on true scientific or technical achievement.
Authors are responsible for the terminological and metrological
consistency of their contributions. The contributions are to be
submitted by the link http://journal.sdewes.org/drvind

Details

Papers submitted shall consist of no more than 15 single-sided DIN
A-4 sheets of 30 double-spaced lines, including tables, figures and
references, appendices and other supplements. Longer papers should
be divided into two or more continuing series. The text should be
written in doc format, fully written using Times New Roman font (text,
graphs and figures), in normal style without additional text editing.
The first page of the paper submitted should contain full title, name(s)
of author(s) with professional affiliation (institution, city and state),
abstract with keywords (approx. 1/2 sheet DIN A4).

The last page should provide the full titles, posts and address(es) of
each author with indication of the contact person for the Editor’s
Office.

Scientific and professional papers shall be precise and concise. The
main chapters should be characterized by appropriate headings.
Footnotes shall be placed at the bottom of the same page and
consecutively numbered. Those relating to the title should be marked
by an asterix, others by superscript Arabic numerals. Footnotes
relating to the tables shall be printed under the table and marked by
small letters in alphabetical order.

Latin names shall be printed in italics and underlined.

Introduction should define the problem and if possible the framework
of existing knowledge, to ensure that readers not working in that
particular field are able to understand author’s intentions.

Materials and methods should be as precise as possible to enable
other scientists to repeat the experiment. The main experimental data
should be presented bilingually.

The results should involve only material pertinent to the subject. The
metric system shall be used. SI units are recommended. Rarely used
physical values, symbols and units should be explained at their first
appearance in the text. Formulas should be written by using Equation
Editor (program for writing formulas in MS Word). Units shall be
written in normal (upright) letters, physical symbols and factors
in italics. Formulas shall be consecutively numbered with Arabic
numerals in parenthesis (e.g. (1)) at the end of the line.

The number of figures shall be limited to those absolutely necessary
for clarification of the text. The same information must not be
presented in both a table and a figure. Figures and tables should be
numbered separately with Arabic numerals, and should be referred
to in the text with clear remarks (“Table 1” or “Figure 1”). Titles,
headings, legends and all the other text in figures and tables should
be written in both Croatian and English.

Figures should be inserted into the text. They should be of 600 dpi
resolution, black and white (color photographs only on request),
in jpg or tiff format, completely clear and understandable without
reference to the text of the contribution.

All graphs and tables shall be black and white (unless requested
otherwise). Tables and graphs should be inserted into the text in their
original format in order to insert them subsequently into the Croatian
version. If this is not possible, original document should be sent in
the format in which it was made (excel or statistica format).

The captions to figures and drawings shall not be written in block
letters. Line drawings and graphs should conform to the style of
the journal (font size and appearance). Letters and numbers shall
be sufficiently large to be readily legible after reduction of the
width of a figure or table. Photomicrographs should have a mark
indicating magnification, preferably in micrometers. Magnification
can be additionally indicated at the end of the figure title, e.g. “Mag.
7500:1”.

Discussion and conclusion may, if desired by authors, be combined
into one chapter. This text should interpret the results relating to
the problem outlined in the introduction and to related observations
by the author(s) or other researchers. Repeating the data already
presented in the “Results” chapter should be avoided. Implications
for further studies or application may be discussed. A conclusion
shall be expressed separately if results and discussion are combined
in the same chapter. Acknowledgements are presented at the end of
the paper. Relevant literature shall be cited in the text according to
the Harvard system (“name — year”), e.g. (Badun, 1965). In addition,
the bibliography shall be listed at the end of the text in alphabetical
order of the author’s names, together with the title and full quotation
of the bibliographical reference. The list of references shall be
selective, and each reference shall have its DOI number (http://www.
doi.org) (check at http://www.crossref.org).:

Example of references

Journal articles: Author’s second name, initial(s) of the first name,
year: Title. Journal name, volume (ev. issue): pages (from - to). DOI
number.

Example:

Karki, T., 2001: Variation of wood density and shrinkage in European
aspen (Populus tremula). Holz als Roh- und Werkstoff, 59: 79-84.
http://dx.doi.org/10.1007/s001070050479.

Books:

Author’s second name, initial(s) of the first name, year: Title.
(ev. Publisher/editor): edition, (ev. volume). Place of publishing,
publisher (ev. pages from - to).

Examples:

Krpan, J. 1970: Tehnologija furnira i plo¢a. Drugo izdanje. Zagreb:
Tehnicka knjiga.

Wilson, J.W.; Wellwood, R.W. 1965: Intra-increment chemical
properties of certain western Canadian coniferous species. U: W.

A. Cote, Jr. (Ed.): Cellular Ultrastructure of Woody Plants. Syracuse,
N.Y., Syracuse Univ. Press, pp. 551-559.

Other publications (brochures, studies, etc.):

Miller, D. 1977: Beitrag zur Klassifizierung asiatischer
Baumarten. Mitteilung der Bundesforschungsanslalt fiir Forst- und
Holzwirtschaft Hamburg, Nr. 98. Hamburg: M. Wiederbusch.

Websites:

**%1997: “Guide to Punctuation” (online), University of Sussex,
www.informatics.sussex.ac.uk/department/docs/punctuation/node
00.html. First published 1997 (Accessed Jan. 27, 2010).

The paper will be sent to the author in pdf format before printing.
The paper should be carefully corrected and sent back to the Editor’s
Office with the list of corrections made. Each contributor will receive
1 copy of the journal.

Further information on the way of writing scientific papers can be
found on the following website:

&ww.ease.0rg.uk/gublications/author—guidelinej
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Laboratory is a member of the

Laboratoria Croatica CROLAB —

an association whose goal is the

development of Croatian laboratories

as an infrastructure for the development

more than 40 methods in the scope of the of production and the economy within a

testing of furniture, coatings and parts demanding open market, using common

potentials and synergy effects of the

for furniture, children's playgrounds JY | k
association, while the

and playground equipment

Faculty of Forestry and Wood technology
is a full member of the INNOVAWOOD -
association whose aim it to contribute to
business successes in forestry, wood

outside the scope of accreditation: industry and furniture industry, stressing
the increase of competitiveness of the
research of constructions and European industry.

ergonomics of furniture
Research of beds and sleeping, research of

children’'s beds, optimal design of tables,
chairs and corpus furniture, healthy and
comfort sitting at school, office and in
home are some of numerous researches

testing of finishing materials and proceses

testing of flammability and ecology of

upholstered furniture performed by the Institute for furniture and
. . wood in construction, which enriched the
furniture expertise treasury of knowledge on furniture quality.

University of Zagreb ¢ Faculty of forestry and wood technology

Testing laboratory for furniture and playground equipment
. ’ Institute for furniture and wood in construction
LAB INNOovAWOOD

SvetoSimunska cesta 23
HR-10000 Zagreb, Croatia
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